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(57) Abstract 

Electronic odour detecting device (electronic nose) provided with a number of sensors. The gas that is to be subjected to the detection 
is brought to pass a number of similar or different sensors distributed on a surface. Between the sensors or actually extending between and 
past the sensors is a catalyst. The catalyst may be arranged on an opposing wall in a detection cell or in the same surface as the sensors. 
Constituents of the gas that react with the catalyst result in a different signal patrcm for ttic sensors depending on their location in relation 
10 the catalyst. Since different substances in the gas will react with different rates in the presence of the catalyst the sensed pattern will 
change along the catalytic surface. This makes it possible to evaluate a gas mixture with great precision and with a more limited number 
of sensors in comparison to prior art. In order to enhance the selectivity of the different sensors the catalytic surface may also be held at 
different temperatures at different areas of the measurement cell. In the same eel] also patterned catalytic surfaces may be arranged. 
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Method and device for the expansion of sensor selectivitv 

Gas sensors sensitive to different molecules are known. Such sensors are normally not totally 
selective but have different selectivity patterns. It is known to combine such sensors in order 
to analyze gas mixtures and odours. By comparing the obtained response patterns with 
previous test results using a computer remarkable precise results can be obtained reganling 
the identification, classification and also quantification of gas mixtures and odours. 

The combination of a number of sensors and a pattern recognition routine is known as an 
"electronic nose" [Sensors and Sensory Systems for an Electronic Nose. (J. W. Gardner and 
P. N. Bartlett, eds.) Nato ASI Series E, vol. 212, Kluwer Academic Publishers. 
1992]. The electronic noses have numerous applications within process and food industry, 
medical diagnosis, control of combustion processes and monitoring of the environment to 
mention a few. 



Modem computers have improved the possibility to use pattern recognition methods to 
identify the response pattern from different sensors to different odours. Many different 
sensors are available and in many cases a number of set ups may have to be tested and even 
combined to provide a correct analysis in the end. This in particular since it is not only 
desirable to know which molecules that are present in the mixture but it is also in many cases 
important to know their actual concentrations. This constitutes a problem since the sensors 
thus may have to detect very small quantities of material or very large quantities of the same. 
Too sensitive sensors will not be able to indicate great amounts correctly and too insensitive 
sensors will not give indication at all of lower concentrations. In order to obtain a versatile 
electronic nose sensors with different selectivities and sensitivities are necessary. 
Furthermore, the choice of the sensors will depend on the particular application. As a result 
of the above difficulties the electronic noses of today are not very versatile and may in some 
instances require very large number of sensors and data power making them rather expensive 
and slow. 



Another problem encountered is the lack of selectivity, that is, many sensors react on many 
gases almost identically, making it difficult to tell them apart and necessitating additional 
sensors etc. 
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The objective of the present invention is to provide a method by which the analyzing power 
of chemical sensor arrays can be expanded and a more exact as well as a more versatile 
device for the monitoring of gas mixtures and odours. In accordance with the invention this 
is achieved by using a new sensing principle based on a geometrical distribution of sensors 
and catalysts. This arrangement gives a number of possibilities for the enhancement and 
control of the signal pattern from a sensor array for a given gas mixture. 

In this new sensing method according to the invention the gas or gas mixture that is to be 
analyzed is brought to pass a catalyst simultaneously with detection by sensors. Many of the 
gas components that are desirable to monitor react in one way or the other in the presence 
of a catalyst. This means that the gas passing over the catalyst will change in its proportions 
of different molecules. This in turn can be detected since sensors placed along the catalyst 
will give different readings. Since different molecules react in different ways in the presence 
of a specific catalyst a recognizable pattern specific to the mixture will be obtained in the gas 
flow direction along the catalyst. 



The sensors can be arranged in the catalyst itself or in fact catalysts and sensors may 
constitute top and bottom in a gas analyzing cell, provided that the height is not too large, 
since the change in the composition due to chemical reactions at the catalyst must influence 
also the sensors in order to provide the recognizable pattern. Such a measuring cell can be 
provided with a varying set up of catalysts or catalytic surfaces and indeed several different 
catalytic materials can be used in for instance strips in the cell and also different sensors can 
be used. A set up change can however be obtained also in other interesting ways. To stan 
with the thiclcness of the layers of catalytic materials can vary along the flow path. Also the 
temperature of the sensors and/or the catalytic materials may vary along the flow path or 
crosswise of the flow path in order to provide suitable recognizable patterns. The size of the 
catalytic areas and the temperature of these influence the concentration/alteration of the gas 
components and the temperature of the sensors influence the sensitivity of the sensors. 
Suitable catalytic materials are platinum, palladium, iridium as well as other organic or 
inorganic materials, including semiconducting materials. 

The presence of a catalyst may at the same time change gas components that are not 
measurable with the used sensors into components that can be measured or sensed by the 
sensors and at the same time other components that can be sensed can be changed into 
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components that are not sensed by the used sensors. 

One of the major advantages of the invention is the above mentioned possibility to construct 
in a simple way sensor cells that can easily be switched between a number of different 
selectivity patterns. It gives the possibility to use a modular system comprising one or two 
dimensional sensor matrices or arrays and a catalytic surface or even an array or matrix of 
catalysts comprising areas of different catalytic materials that can be combined to give a 
device with a great number of different selectivity patterns. Top and bottom in an analyzing 
cell can be combined to provide the desired selectivity and sensitivity, which efHciently 
reduce the number of sensor arrays that has to be kept in store. Since the catalytic part (for 
instance top) need no or only few (temperature control) electrical connections substitution can 
be carried out in simple mechanical ways. 

Further advantages and features of the invention are apparent from the following description 
of preferred embodiments described in connection with enclosed drawings where in fig 1 and 
2 is shown what happens when a gas passes a catalytic surface, fig 3 a and b show a gas 
sensing cell and example of possible sensor signals, fig 4 top and bottom of a cell with 
catalyst and sensor patterns, fig 5 catalyst and sensors on a common substrate, fig 6 a and 
c the signal response from a device as shown in fig 6 b. 

The invention is thus based on the fact that catalytic materials (not only metals but also 
semiconductors, insulators, organic materials, zeolites etc.) efficiently consume molecules and 
make new molecules by reactions on the surface of the material as it is schematically shown 
in fig 1. This means that if a stream of gas is passing over a catalytic surface the 
concentrations of gas components A and B are reduced while the concentrations of the 
reaction products AB, X and Y increase (fig 2). This effect is in the invention used to analyze 
a gas mixture since the different parts of the mixture are used up/react with different rates 
along the surface. This is in fig 3 depicted with two components U,W that when reacting in 
the presence of the catalytic surface give rise to the products S and P, respectively (only U 
and W are shown in fig 3). By arranging the catalytic surface for instance in the top of the 
flow cell and place chemical sensors along the bottom of the flow cell, sensitive to U, W, P 
and/or S the reaction pattern can be measured and with this the composition of the gas 
mixture can be analyzed. This possibility is shown schematically in fig 3. More complicated 
patterns are obtained if also S and P can be detected. 
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The flow cell in the device in fig 3 should be so thin that the consumption/making of 
molecules at the catalytic surface is observed also at the other wall of the flow cell (that with 
the chemical sensors). The distance is ruled by for instance flow rates and the reactivity of 
the catalytic surface and the available pressure differences between in- and outlet of the flow 
cell. This distance can however vary within wide limits, for practical reasons however 
between 0,001 and 10 mm. The length of the flow cell is determined partly by the reactivity 
of the catalytic surface and of the nimiber of chemical sensors that are placed along the 
chaimel (and the type of these). Lengths between 1-100 nun are therefore probable. The width 
of the flow cell is essentially decided by the sensor technology that is used and of the total 
gas flow that is to be acconunodated. The width is however not the critical parameter and can 
therefore be varied within wide limits. In fig 3 a is shown four sensor rows where each row 
can consist of sensors with the same or different selectivity patterns in relation to different 
types of gases or molecules. 



If desirable the cell may also comprise walls separating the flow over different areas of 
sensors, coinciding with the strips of catalytic materials or more or less crosswise of these. 

One of the unique features of the invention is the increased combination possibilities that are 
achieved when the device according to fig 3 is used. The catalytic activity depends on choice 
of catalytic material and its temperamre. Surfaces with "patterns" of consumption and 
production of molecules can therefore be fabricated. Also many chemical sensors (based for 
instance on semiconducting metal oxides, field effect transistors etc.) have a temperature 
dependent sensitivity and selectivity. By varying the temperature along the sensor matrices 
and/or the catalytic surface therefore a number of different response patterns can be obtained 
with given catalytic surfaces and sensor matrices. 

Fig 3 b shows an example where a temperature gradient (TKT2) exist along the sensor 
matrix and the catalytic surface and where the consumption of U and W on the catalytic 
surface is increased with the temperature and where the sensitivity of the sensors for U and 
W also increase with the temperature. In this case maxima of the response to U and W along 
the sensor matrix are obtained. The position of the maxima are in general different for U and 
W. An interesting observation is that the sensors in the example in fig 3 b may be entirely 
unselective for U and W. The catalytic consumption of the molecules will however provide 
selectivity. 
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It is apparent that the device in fig 3 can be given considerable analytic ability by for instance 
making bands of catalytic materials with different selectivity /activity for different classes of 
molecules and make areas or rows of chemical sensors with different selectivity patterns for 
different classes of molecules. Fig 4 schematically illustrates these possibilities. The sensors 
can for instance be field effect transistors with a thin layer of platinum, a thick layer of 
palladium and a thin layer of iridium. Mixtures of sensor technologies can also be used, for 
instance two rows with field effect transistors and one with semiconducting metal oxide (so 
called Taguchi-sensors). The areas of sensors and the catalytic bands need not to be 
overlapping but may be separated. Fig 4 shows that we can also consider having different 
temperature gradients along the sensor areas and the catal3rtic surface. Further options 
regarding the temperature is to have the gradients not along the areas or bands but in a 
optional angle in relation to these. 

The invention constimtes a great improvement over the prior art since it allows the use of 
sensors that can not in themselves find any difference between di^erent molecules, but 
together with the arrangement of a catalyst can. To start with molecules that do not react or 
do react in the presence of the catalyst will be told apart immediately. However even 
molecules that do react at the same catalytic surface will be possible to differentiate between 
since the maximum of the response (signal) will be found at different locations in the cell, 
this since they will react with different rates in the cell. 

The invention also constimtes a great step forward as regards sensor elements for electronic 
noses since both the catalytic surfaces and the sensor areas can be standardized and need only 
to be combined to provide the final selectivity pattern. In an electronic nose it is required that 
the sensors provide signals, the patterns of which vary with the mixmre of the blend of gases 
(odours). The suggested device is here very useful. The device can be built in different ways. 
The sensor areas can be arranged in any angle in relation to the catalytic areas, which 
increase the number of possible selectivity patterns further. Sensors with different selectivity 
need not to be arranged in rows but can be arranged in any two dimensional pattern. This 
also goes for the catalytic surface. Sensor and/or catalytic areas can be made on the same 
substrate or on separate substrates. 

Catalytic metals such as palladium, iridium, platinum, ruthenium and alloys of them convert 
organic molecules with a rate that is ruled by the choice of metal and temperature. Sensors 
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also exist for the majority of organic molecules, for instance field effect transistors with gates 
made of catalytic metals or sensors based on semiconducting metal oxides (Sn02, Ti02). 
Such sensors can be made small and with ease in rows. There is thus also the possibility to 
make a number of sensor rows on each substrate. This can be used either to increase the 
number of selectivity patterns (different sensors in two or more rows) or to obtain a device 
with redundancy (sensors of the same kind in more than one row) and therefor a better 
accuracy and long term stability. 

Fig 5 shows another interesting possibility, namely the fabrication of the sensor and the 
catalytic areas on the same substrate. The above mentioned dimensioning rules are still 
applicable with the addition that in this case the size of the catalytic areas and the distance 
between these and the sensors should be small in order to couple the reactions of the catalytic 
materials efficiently to the sensors. The size of this measure (b) depends on the reactivity of 
the catalytic materials and the flow rate of the gas mixture that is analyzed. Typically this 
measure should be less than a few millimeters. The number of possible combinations and 
types of patterns is again very large. The advantage with the arrangement according to fig 
5 is that the device not necessarily has to be used m a flow cell. The use of the device as 
shown in fig 5 in a flow cell with a lid with catalytic material, that is in a configuration 
similar to that in fig 3, is of course also a possibility that further increases the number of 
selectivity patterns. The device according to fig 3 has the advantage that by simply changing 
the lid with catalytic pattern new selectivity patterns can be obtained with the same sensor 
matrices as before (or vice versa). 

It should be pointed out that also other arrangements than the above described are possible. 
There is nothing that prevent catalytic materials, for instance in the shape of a tube or a helix 
(in a cylindrical flow cell) to surround the sensor array. 

In fig 6 a simple example is depicted showing the method of the invention. Assume that we 
have two substances a and b in the gas mixture which are "consumed" on the catalytic 
surface with a temperature gradient. This will result in a reduction of the number of 
molecules along the surface of the catalyst depending on the properties of the molecules. The 
different properties of the molecules will provide different concentration profiles along the 
catalytic surface. A number of sensors is provided along the bottom surface and the signals 
from these are ruled by the concentrations of the molecules and the temperature of the 
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sensors. This means that in the signal pattern obtained from the different sensors shown in 
fig 6 c, and corresponding to the curves shown in fig 6 a as calculated, molecules will 
provide different maxima which can be used to recognize the different molecules present, 
making, the otherwise unselective sensors selective. Of course more than two components 
may be told apart in this way. 

The used discrete sensors may be arranged on a catalyst or surrounded by one or indeed 
several different catalysts in a suitable pattern, for instance strips. At the same time one or 
several catalyst may be arranged in a suitable pattern opposite to the sensors, for instance in 
a lid or roof of a sensor cell. This pattern may include strips of different catalysts that may 
be the same as those surrounding the discrete sensors or different from these or in an other 
order. The pattern may also contain strips angled in another direction than the sensors or 
catalyst strips on the same substrate as the sensors. 

The invented way of gaining in selectivity may be used in combination with known sensors 
and may in fact be used to improve already fabricated devices. 

The invention enables simple adaption to new odors by changing the catalytic surface, the 
sensor array, temperature and the temperature gradients along the catalytic surface and sensor 
array. 

The detection in accordance with the invention need not to be static during sensing but may 
instead be varied, preferably periodically during the sensing procedure. This is very easily 
achieved by rotating the catalyst top part in a sensing cell. Also the temperature or 
temperatures of the catalysts and sensors may vary. 

The invention provides an increase in available selectivity patterns and the computer may use 
its own judgement to pick out the best set up for detection of the various components. 
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Claims 

I . Method for gas detection, characterized in that at detection is carried out with at least 
two sensors arranged in the vicinity of a catalyst in such a way that a flow of the gas mixture 
after passing the first sensor may react in the presence of the catalyst, then to be sensed by 
the second sensor. 

2 Method according to claim 1 . characterized in that the catalyst is arranged continuously 
between or past the sensors. 

3 Method according to claim 1 or 2, characterized in that several sensors are arranged in 
the flow direction of the gas. 

4 Method according to claim 1,2 or 3. characterized in that several different catalysts arc 
arranged along a row or area of sensors. 

5. Method according to any of the claims 1 to 4, characterized in that the temperamre of 
the catalyst is given a gradient crosswise or along the flow. 

6. Method according to any of the claims 1-5. characterized in that the sensor have 
different temperamres. 

7. Method according to any of the claims 1-6, characterized in that the flow direction or 
temperature of the sensors or catalysts vary during sensing. 

8. Device for gas detection according to claim 1, characterized in that it includes at least 
two sensors and a catalyst arranged in such way that one of the sensors analyze or sense the 
mixmrc at the first location in the flow of the gas and the second sensor analyze the gas after 
its passing of the catalyst or while it is passing the catalyst. 

9. Device according to claim 8, characterized in that the catalyst is in the shape of a band 
or area over which the gas stream flows. 

10. Device according to claim 8 or 9, characterized in that several sensors are arranged in 
the direction of the flow in one or several rows along the catalytic material. 

II. Device according to claims 8 to 10. characterized in that sensors and catalysts are 
arranged facing each other. 

12. Device according to claims 8 to 11, characterized in that the catalyst is constituted by 
areas of different catalytic materials. 

13. Device according to any of the claims 8 to 12, characterized in that the catalytic 
material has different thickness or is present in varying quantities in different areas. 

14. Device according to any of the claims 8 to 13, characterized in that the catalyst 
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constitutes top or bottom in a measurement cell and the sensor array constitutes bottom or top 
in the same cell. 

15. Device according to claim 14, characterized in that top and/or bottom are easily 
exchangeable. 
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